The purpose of the study was to explore relationships between nurses' perceptions of the impact of health information technology on their clinical practice in the acute care setting, their use of electronic nursing care reminders, and episodes of missed nursing care. The study aims were accomplished with a descriptive design using adjusted correlations. A convenience sample (N = 165) of medical and/or surgical, intensive care, and intermediate care RNs working on acute care hospital units participated in the study. Nurses from 19 eligible nursing units were invited to participate. Adjusted relationships using hierarchical multiple regression analyses indicated significant negative relationships between missed nursing care and nursing care reminders and perceptions of health information technology. The adjusted correlations support the hypotheses that there is a relationship between nursing care reminder usage and missed nursing care and a relationship between health information technology and missed nursing care. The relationships are negative, indicating that nurses who rate higher levels of reminder usage and health information technology have decreased reports of missed nursing care. The study found a significant relationship between nursing care reminders usage and decreased amounts of missed nursing care. The findings can be used in a variety of improvement endeavors, such as encouraging nurses to utilize nursing care reminders, aid information system designers when designing nursing care reminders, and assist healthcare organizations in assessing the impact of technology on nursing practice.
have not been well studied, and this is a noted gap in the literature. The purpose of the present study was to explore relationships between nurses' perceptions of the impact of HIT (I-HIT) on their practice in the acute care setting, their use of electronic nursing care reminders, and episodes of missed nursing care.
Background and Significance
Dykes and colleagues 4 hypothesized a number of potential positive effects of HIT systems on nursing practice. First, systems designed to improve interdisciplinary communication and CDS may improve outcomes. Through improved interdisciplinary communication and CDS, enhanced communication within the healthcare team may occur. Clinical decision support may also improve the ability of the nurse to monitor patient conditions and detect changes earlier. It may be provided in the form of alerts, reminders, and/or recommendations to guide nursing practice. The prompts from these systems are typically designed with evidence-based suggestions to improve clinical decision making and reasoning. However, poorly implemented HIT systems can result in ''unintended consequences'' that lead to new errors. These errors can negatively affect patient safety and quality of care. [9] [10] [11] Unintended consequences related to HIT use have been associated with one or more conflicts between technology design, implementation, and support of clinician workflow. 12, 13 Previous studies have indicated that reminders are used in the acute care environment, but these clinical supports tend to be verbal or paper based (eg, laminated cards, paper checklists, or paper printouts). [14] [15] [16] Hatler and colleagues 15 recommended as evidence-based practice the use of laminated cards to remind nurses to clean the hubs of central venous catheters before medication administration or blood draws to prevent catheter-related blood stream infections. Reminders have been found effective in decreasing the length of time urinary catheters are in place and in reducing catheter-associated infections. 14, 16 In addition, reminders have been found effective in reducing charting deficiencies. 17 Although nonelectronic reminders appear effective, the healthcare industry is moving ever closer to a ''paperless'' system. The inclusion of electronic reminders in the EHR needs to be studied for its impact on positive outcomes, as nurses are expected to use these systems in their daily practice.
It is intuitive to think that an electronic system that has nursing reminders should result in decreased missed nursing care, but scientific evidence is needed. This study is a first step in determining if there is a relationship between electronic nursing care reminders and missed nursing care. Missed nursing care is a measure of nursing process and is considered an error of omission (failing to do the right thing) versus an error of commission (doing the wrong thing). 15, 16 The Agency for Healthcare Research and Quality suggests that errors of omission are often unreported and much more common than errors of commission. 18 In several studies, the primary reason for missed nursing care was related to nurse staffing adequacy, specifically labor resources (eg, unexpected rise in patient acuity). [19] [20] [21] [22] One of the major negative effects of decreased labor resources on nursing practice centers on its potential to cause distractions and interruptions. 23 Distractions and interruptions are commonplace in the acute care setting. 24 Brixey and colleagues 25 noted that interruptions in work settings such as aviation, nuclear power plants, and healthcare delivery could result in catastrophic failures including loss of life. Interruptions and distractions can have an impact on nurses' working memory. When a deficit in the adequacy of nursing labor resources is present, this may lead to missed nursing care. Regardless of underlying cause, however, the CDS with electronic reminders may effectively decrease instances of missed care.
In the hospital setting, missed nursing care has been related to patient and organizational outcomes, including staff satisfaction. For example, missed nursing care was found to be a mediating factor in increasing patient falls. 26 In another study, care rationing (a form of missed nursing care) was a significant predictor of patient outcomes that included medication errors, nosocomial infections, and pressure ulcers. 27 Organizational outcomes such as ineffective teamwork, higher staff turnover, and low job satisfaction have also been associated with missed nursing care. [28] [29] [30] 
Objectives
The objectives of this descriptive correlational study were to (1) examine relationships between interventions supported by CDS and reduced missed nursing care and (2) examine relationships between nurses' perceptions of I-HIT on their work and their reports of missed nursing care. Thus, the first hypothesis tested in this study was to determine whether nurses who use reminders more frequently will have fewer reports of missed nursing care. The second hypothesis tested was to determine whether nurses who have more positive perceptions of I-HIT on their practice would have fewer reports of missed nursing care.
METHODS

Design and Sample
The specific aims of this study were accomplished with a descriptive design using adjusted correlations. A convenience sample (N = 165) of medical and/or surgical, intensive care, and intermediate care RNs working on acute care hospital units participated in the study. The sample was obtained from a large teaching hospital in the Midwestern US. Nurses from 19 eligible nursing units were invited to participate.
Power Analysis
Multiple regression analysis was conducted with four predictor variables, with a power of 0.80 and a medium effect size of 0.15. Power analysis for the regression analysis was evaluated with G*Power 3.1 (Heinrich Heine Universitat, Dusseldorf, Germany) 31, 32 and indicates a minimum sample size of 92 for each model; however, the plan was to collect data on 150 participants.
Inclusion/Exclusion Criteria
Inclusion criteria for the study were that participants be a staff RN and take a daily patient assignment on the unit in which they work. The EHR must have been implemented for least 6 months, with nursing care reminders present in the EHR. Excluded from this study were unit employees who were non-RN employees (eg, LPN, PCA, clerks, etc), RNs without a patient assignment (eg, managers, case managers, educators, nursing instructors), and student nurses.
Instrumentation
NURSING CARE REMINDER USAGE SURVEY
A nursing care reminder usage survey developed by the investigators was used in this study. The instrument contained 12 questions regarding usage and perceptions of nursing care reminders, with rated responses based on a 5-point scale with anchors of ''never'' and ''always'' and an additional ''not applicable'' (N/A) choice. The face validity of the survey was established with a group of informatics experts (two nursing faculty members from the University of Michigan and the University of Iowa and one public health faculty member from the University of Michigan) and was found to have more than adequate reliability with a Cronbach's " of .84. The survey took approximately 5 minutes to complete. Example statements from the survey include: ''How frequently do you utilize the following types of nursing care reminders to assist you in completing nursing care activities: (1) electronic list of reminders in EHR (ie, task list, documentation checklist, documentation form, work queue, work list), (2) alert or reminder message pop-ups in the EHR?''
I-HIT SCALE
The I-HIT is composed of 29 items contained in four subscales. 4 The I-HIT scale is scored using a 6-point (strongly disagree to strongly agree) Likert-type scale and an N/A choice. Content validity assessment indicated a content validity index (CVI) of 1.0. The scale achieved a CVI be-yond the .05 significance level. 4 Principal components analysis (PCA) with varimax rotation and Kaiser normalization was used for factor analysis of the data to test for construct validity. Four factors emerged from the PCA explaining 58.5% of total variance. 4 Internal consistency using Cronbach's " was .95 for the 29-item scale. Internal consistency of the four subscales ranged from 0.80 to 0.89. The survey took approximately 10 minutes to complete.
MISSED NURSING CARE SURVEY
The Missed Nursing Care Survey (MISSCARE) is a twopart survey. 33 Part A, used in this study, contains 22 items designed to measure elements of missed nursing care. This part asks the participants to rate the frequency of missed nursing care on their unit, including their own lapses. The rating is based on a 5-point scale with anchors of ''rarely'' and ''always.'' Content validity has been established through testing by three panels of staff nurses with a CVI of 0.89. Reliability for Part A of the tool was established using test-retest reliability; the Pearson product-moment correlation coefficient was 0.87. The survey took approximately 10 minutes to complete.
DEMOGRAPHICS AND OTHER VARIABLES
The MISSCARE Survey 33 also contains a demographic questionnaire. This questionnaire was used to collect data regarding nurse characteristics. The demographic questionnaire was modified by the investigators, as two characteristics of interest in the proposed study are not included in the survey: number of years working as an RN and amount of experience with current EHR. In addition, data were collected on staffing adequacy and acuity.
Procedure
Institutional review board (IRB) approval was obtained from the affiliated university and the study hospital. The IRB application received an expedited review as no participant-identifying information was being collected, and there was minimal chance for harm with the anonymous online surveys. Survey data were downloaded into SPSS 21 (IBM Corp, Armonk, NY) for later analysis. The data were stored on a password-protected computer accessible only to the principal investigator (PI). Once the data were downloaded to computer storage, the completed online surveys were deleted. Implied consent from participants was obtained if the nurses completed the online surveys. An information-only consent form describing the study was included in the participant e-mail and survey directions, but participants were not required to sign and return the form. The online survey included the study instruments, consent information, and detailed directions. The surveys were administered as an online survey with a link sent to participants via e-mail.
The survey was administered using the Qualtrics survey software (Qualtrics, Provo, UT), which supports anonymous distribution and collection. Employee e-mail addresses were used to send the survey to each participant. The e-mail addresses were obtained with assistance from the hospital research sponsor. Respondent burden was minimal. As a reminder to the nurses to complete the survey, flyers were placed in high-visibility areas. Also, a reminder e-mail was sent to the nurses twice a week via e-mail. All surveys were due at 4 weeks.
Data Analysis
Data were analyzed using SPSS 21. The data were cleaned, and descriptive analysis was conducted to examine normality and linearity of variables. This was accomplished through interpretation of descriptive statistics and visual examination of graphs and plots. Assumptions for regression were also assessed (ie, independence, normality, linearity, and multicolinearity).
Stepwise regression entry was used to determine nurse characteristics to include in the regression models. Analysis indicated that only gender was a significant predictor of missed nursing care. The remaining nurse characteristic variables were not significant predictors of missed nursing care and thus were excluded from the analysis.
Hierarchical multiple regression analysis with control variables was used to determine adjusted relationships between the variables of interest. Significance tests and $ coefficients were analyzed and interpreted to determine the study outcomes. Control variables were entered into the model first to control for the effect of these variables, and then the primary independent variables were entered. 34 
RESULTS
Demographics
Participants (N = 165) were staff nurses employed at a local hospital in the Midwestern US during the fall of 2012. The majority held a bachelor's degree as their highest level of education (n = 114, 69.1%), and 66.7% (n = 110) held a BSN. The gender majority was female (n = 145, 87.9%), and age majority between the ages of 25 and 34 years (n = 61, 37.0%). More than half of the participants (n = 104, 63.0%) worked on a medical surgical unit. Table 1 shows further descriptive analysis of demographic characteristics.
Hypotheses 1 and 2
Adjusted relationships using hierarchical multiple regression analyses indicated significant negative relationships between missed nursing care and nursing care reminders and perceptions of I-HIT. Preliminary analyses were conducted to ensure there was no violation of the assumptions of normality, linearity, multicollinearity, and homoscedasticity. The first regression model was calculated to determine if there was a significant adjusted relationship between missed nursing care and nursing care reminders. nursing care reminders ($ = j.28, P G .001) were statistically significant. The second regression model was calculated to determine if there was a significant adjusted relationship between missed nursing care and I-HIT. Case mix index, RNHPPD, and gender were included as covariates in
Step 1 of the equation and explained 8% of the variance in missed nursing care. After entry of I-HIT at Step 2, the total variance explained by the model as a whole was 18.8%, F 4,153 change = 8.85, P G .001. Impact of HIT explained an additional 11% of the variance in missed nursing care after controlling for CMI, RNHPPD, and gender, R 2 change = 0.11, F 4,153 = 20.33, P G .001. In the final model, only CMI ($ = j.34, P = .003) and I-HIT ($ = j.34, P G .001) were statistically significant.
Instrument Reliabilities and Validity
Test-retest reliability of the MISSCARE Survey was not conducted in the current study. Reliability of the Nursing Care Reminder Usage Survey in the current study was calculated using Cronbach's ". The Cronbach's " was .84, indicating more than adequate reliability. Reliability of the I-HIT scale for the current study was calculated using Cronbach's ". The Cronbach's " was .94, indicating more than adequate reliability.
DISCUSSION
The adjusted correlations support the hypotheses that there is a relationship between nursing care reminder usage and missed nursing care, and a relationship between perceptions of I-HIT and missed nursing care. The relationships are negative, indicating that nurses who report higher levels of reminder usage and favorable perceptions of I-HIT have fewer reports of missed nursing care. This makes sense as those who had higher scores on the I-HIT had positive perceptions about the impact of technology on their practice.
The findings are significant as nursing care reminders may be an effective intervention to decrease episodes of missed nursing care. Although missing one instance of care may not affect overall patient outcomes, the cumulative effects may have a negative impact on patient outcomes. The use of nursing care reminders to alert nurses to cumulatively missed care may be an intervention to significantly reduce the amount of missed nursing care. In addition, nurses with higher scores for perception of I-HIT may be more apt to use nursing care reminders that may decrease episodes of missed care.
The present study was the first to explore these relationships. It was hypothesized by Dykes et al 4 that nurses who scored higher on the I-HIT would be more likely to use the CDS systems and have improved outcomes. This is consistent with the findings in this study. Nurses who used the reminders had fewer episodes of missed nursing care.
An alternate explanation for this finding may be that nurses who were more likely to use the EHR were more likely to complete their nursing care activities. As a comparative illustration, some nurses may be less accountable and neither use the EHR consistently nor make sure they complete all nursing care activities needed for their patients. An additional explanation for the findings is that this study was conducted in one hospital. The hospital culture may have had an effect on the use of the EHR reminders. In short, the nurses in this study may have been more likely to use the reminders because of organizational pressures and also may have had few episodes of missed nursing care to begin with.
Implications
The findings from this study have many practical implications. First, the I-HIT instrument can be used to assess the impact of technology on nursing practice. This information can then be used to evaluate HIT to determine where changes need to occur to be better aligned with clinician workflow. Workflow alignment is important, as it has been suggested that poor workflow alignment has resulted in unintended consequences of HIT. 12, 13 The unintended consequences can result in new errors that may not have occurred before the implementation of the HIT. [9] [10] [11] A second implication is that properly designed nursing care reminders may influence usage and thus decrease the amount of missed nursing care. Reminders that nurses find helpful may result in increased usage of the reminders. There must be a balance between the quality and quantity of nursing care reminders. Reminders that are redundant or not seen as important may be missed or ignored. Missed or ignored reminders may then result in an increase in missed nursing care. One suggestion is that future designers of electronic reminders may need to consider the potential of cumulative effects of missed nursing care rather than individual instances of missed care. To illustrate, patients who are not ambulated once may not be at a disadvantage in their healing compared with a patient who has missed multiple instances of ambulation. This cumulative effect needs to be further investigated as it relates to the design of supportive technologies.
A third implication drawn from the present study is that nurses need to be taught and encouraged in the proper usage of nursing care reminders. Nursing care reminders are adjuncts to clinical reasoning, and not a replacement for nurses' knowledge and reasoning. Although a patient may have many reminders in the EHR, they may still require additional nursing care that is at the discretion of the individual nurse. The proper use of reminders by nurses may result in fewer epiosides of missed nursing care. This may be especially true with novice nurses who may need the reminders to serve as cues of which nursing activities are appropriate for a particular patient. At the same time, more seasoned nurses may find reminders useful in validating their clinical reasoning. The reminders may be helpful for seasoned nurses who are encountering a patient with a unique or unfamiliar plan of care. This is consistent with findings from the study conducted by Dowding et al, 35 in which they found novice nurses used the CDS system more frequently and more experienced nurses used the system when they encountered an unfamiliar or complex case.
Limitations and Anticipated Problems
Limitations of this study include threats to internal and external validity. A threat to internal validity is that the sample size was not very large. The investigator addressed this by determining sample size a priori using a small effect size and limiting analysis to no more than four independent variables in regression analysis. Selection bias is also a possible threat to internal validity for this study, as a convenience sampling method was used. Therefore, the relationships examined in this study could be attributed to sample characteristics rather than a true relationship between the variables of interest. This threat has been addressed by determining sample size a priori as stated above and including nurse characteristics as covariates in the analyses. Instrumentation may also be a threat to internal validity of this study. The PI has addressed this by selecting instruments with proven validity and reliability and specifically designed to be used with RNs. Threats to external validity are present because of the fact that the sample may not be representative of the national RN population, and therefore the results may not be generalizable beyond the sample. The PI has taken this into consideration and has addressed this by examining the possible relationship of the nursing care reminders and missed nursing care in more than one nursing unit.
Future Research
This study was a first step in establishing a link between the uses of nursing care reminders and missed nursing care. This study must be repeated with a larger sample to determine if the relationship holds. Second, the study needs to be repeated in multiple hospitals. The study hospital may have been extremely adept at using reminders, but other hospitals may have a different performance record. The present study was also conducted with only one format of the EHR; examining the relationships in organizations that use different styles of EHRs is recommended.
Furthermore, a concept analysis on what constitutes nursing care reminders is needed for future studies. The extant literature is void on this concept. A concept analysis should be conducted to determine the types of nursing care reminders and their empirical definitions in order to adequately measure these support tools. Reminders are not unique to nursing, so literature from other disciplines may also need to be investigated. This future research needs to be conducted to determine if there are similar or different concepts associated with reminders.
Ultimately, the goal of nursing care reminder research is to develop investigator-designed reminders as interventions. These interventions will target specific missed care items. This is a challenging goal and a long-term endeavor as the different types of reminders that nurses use must be clearly defined. Also, before this progress can occur, exploratory research needs to be conducted to determine which types of reminders are effective in decreasing the specific types of missed nursing care.
CONCLUSION
This study was a first step in determining if HIT has an impact on nursing care process. The study found a significant relationship between nursing care reminder usage and decreased frequency of missed nursing care. The findings can be used in a variety of improvement endeavors, such as encouraging nurses to utilize nursing care reminders, aid information system designers when designing nursing care reminders, and assist healthcare organizations in assessing the impact of technology on nursing practice. It is imperative that episodes of missed nursing care decrease in order to improve patient and organization outcomes. Nursing care reminders may be a viable solution to reduce the incidence of missed nursing care in a technology-rich healthcare environment.
